The million-degree hot solar corona maintains its high temperature and compensates for its radiative losses by continuously acquiring an energy flux of ≈10 3 W m −2, . Recent studies suggest that energy transport in the solar corona is associated with localized magnetic flux-tubes, which can channel various kinds of magnetohydrodynamic (MHD) waves and shocks as heating candidates. Dissipation of electric current via magnetic reconnection provides an alternate mechanism to heat the solar corona. However, there are various physical conditions that need to be established appropriately in the reconnection region to generate its high rate and subsequent energy release. Using multiwavelength imaging observations from the Atmospheric Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO), we present a novel physical scenario for the formation of a temporary X-point in the solar corona, where plasma dynamics is forced externally by a moving prominence. Natural diffusion was not predominant, however, a prominence driven inflow occurred firstly, forming a thin current sheet and enabling a forced magnetic reconnection at a considerably high rate. Observations vis-á-vis numerical model reveal that forced reconnection may rapidly and efficiently release energy in the solar corona to heat it locally even without establishing a significant and self-consistent diffusion region.
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The Sun's corona continously requires high amount of energy flux to compensate its radative losses 1 . The major energy sources in the localized solar corona may be associated with magneto-hydrodynamic (MHD) waves and shocks 1 . However, global magnetic reconnection is a well known mechanism to explain various physical processes in the universe, and laboratory plasma experiments, e.g., solar and stellar flares, geomagnetic substorms and magnetosphere of planets, tokamak disruptions, high energy fusion experiments, etc 9−12 . In the astrophysical plasmas (e.g., solar corona), it is basically defined as a self-organization of the magnetic fields towards their more relaxed state and associated impulsive release of the stored magnetic energy 13 . In the solar corona, magnetic reconnection is considered as one of the major candidates to heat its atmosphere, and also to generate space weather candidates (e.g., flares and coronal mass ejections) difference image sequence in the SDO/AIA 171 Å filter displays the motion of the prominence corona-transition region (PCTR) interface, which brings the southward branch of the coronal magnetic field towards the temporarily evolved X-point around 13:55 UT. The forced reconnection is subsequently triggered thereafter the initial onset of externally driven inflows. Plasma inflow occurs from the north-south direction (cf., image panel at 14:05 UT), and after the reconnection, the outflow is seen in the east-west direction (cf., panels during 14:05-14:35 UT). A dynamic current sheet is also formed during the forced reconnection process. that can affect the Earth's outer atmosphere, its satellite and communication system, etc 9−12 . However, the main issues of magnetic reconnection are still unsettled despite several novel discoveries both in theory and observations in a variety of astrophysical and laboratory plasmas, e.g., formation of current sheet, appropriate reconnection rate, establishment of natural diffusion regions and their physical properties, etc 13−14 . In the present letter, using multi-wavelength observations of the solar corona from the Atmospheric Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO) on 3 May 2012, we establish directly that forced reconnection at a considerably high rate can occur locally in its magnetized plasma (Fig. 1) . It triggered in the corona when two oppositely directed magnetic field lines forming an X-point are perturbed by an external disturbance. This type of reconnection has only been reported in theory 15 , and has never been directly observed in the Sun's large-scale corona. Although, an indirect signature of forced reconnection is claimed in the highly dynamic solar chromosphere at small spatial-scales for the release of tiny microflares 16 .
In the present scenario, the two branches of magnetic field lines are visible in the solar corona (cf., the black-dotted box in Fig. 1 ′ a ′ ). The southward branch of the magnetic field envelopes a cool prominence, and is part of a large-scale closed field lines structure in the corona. The northward branch of the magnetic field is anchored at the limb, while its other end is open in the diffused corona. These two branches of large-scale coronal fields are separated by a low lying closed loop system with both foot-points anchored at the limb. The schematic ( ′ d ′ ) clearly outlines the observed magnetic field configuration where the southward field, plus an embedded prominence (green) and open fields (blue) lie at the either sides of a low lying coronal loop system (red). The southward branch of the magnetic field lines is driven by the embedded prominence, moving towards the northward branch to form a temporary X-point. An inflow region is established at the X-point to enable the forced reconnection (Supplementary movies 1 & 2). The DEM map at different temperature bins between Log T e =4.9 and Log T e =7.0 (Fig. 1 ′ c ′ ) and associated time-sequence (Supplementary movie 3; duration: 13:40 UT to 14:40 UT on 3 May 2012) also show that the cool prominence is enveloped by the southward branch of the hot and magnetized coronal plasma. The prominence plus the associated coronal field moves northward forming an X-point along with the northward branch of the magnetic fields. This enables first an inflow towards the evolved X-point in the corona and consequently forced magnetic reconnection begins. A dynamic current sheet is also formed during the reconnection process.
The sequence of difference images ( Fig. 2 ; Supplemenatry movie 4) demonstrates that in the localized corona the inflow and associated X-point is created externally by the motion of the prominence around 13:55 UT. The hot plasma in the prominence corona-transition region (PCTR) also drifts towards the X-point, and brings the southward branch of the magnetic field near the inflowing northward magnetic field, triggering the forced reconnection. The bi-directional inflow starts from the north-south direction towards the X-point around 14:05 UT, and forced reconnection is triggered. Plasma outflows are also seen in the perpendicular east-west direction of the inflows along with the formation of a dynamic and elongated current sheet. It should be noted that the externally driven plasma inflows start first, and after the reconnection the outflows start. This is the key observational aspects of the forced reconnection. The time-distance maps (cf., Fig. 3 ′ a ′ ) along the inflow and outflow channels near the X-point (cf., Fig. 3 ′ b ′ ) show that the bidirectional inflow is followed by plasma outflow at the X-point. They occur respectively with speeds of ≈3 km s −1 and ≈11 km s −1 as detected close to the X-point. The outermost periphery of the reconnection region also shows some plasma outflows even before the start of the inflows, however, they are not directly linked to the response of the forced reconnection at the X-point and may be the stretching/re-arrangements of the outer coronal field lines during initiation of the reconnection. Therefore, we consider the pair of inflow and outflow due to forced reconnection which start close to the X-point. There is a time lag of few minutes between inflows and outflows that occur in the observed forced reconnection region at the X-point. The intensity at the X-point firstly peaks in the cool AIA 304 Å filter (Log T e =4.7) at ≈13:50 UT, which indicates that PCTR plasma segment first comes inside to form the X-point for forcing the reconnection. Once reconnection begins, the emission in the high temperature AIA filters 171 Å (Log T e =5.9), and 131 Å (Log T e =6.9) peak between ≈14:00 UT-14:05 UT (cf., Fig. 3 ′ c ′ ) . This exhibits a quick energy release at the X-point in ≈10 min time scale. Later, secondary post-reconnection processes are established at the X-point (e.g., dynamics and stretching of current sheet, outflows, cooling). The most significant aspect of this observed forced reconnection is its high rate (V in /V out ) ranging between ≈0.27. A reconnection rate, as a dimensionless quantity, can be approximated by the ratio of inflow to the outflow speed 14 .
We developed a physical model of the observed forced reconnection by taking a weakly diverging, current-free equilibrium magnetic field embedded in a hydrostatic magnetohydrodynamic (MHD) solar atmosphere with an appropriate temperature profile 17−18 . We used an MHD code, known as FLASH 19 (Fig.4 ; see the details in Online-Appendix-I) to simulate the observed forced magnetic reconnection. The X-point is created in the equilibrium atmosphere along with an appropriate inclusion of the resistivity (Fig. 4 , see details in Online-Appendix-I). The hydrostatic plasma equilibrium is perturbed by a localized velocity pulse set at the left side of the X-point, which resembles an external disturbance forcing the reconnection. The disturbance mimics an effect of a velocity field created by the moving prominence as seen in the observations. It is given as follows:
Here λ x = 0.1 Mm and λ y = 0.1 Mm are the width of the external disturbance (v x ), which is a symmetric Gaussian-shaped velocity pulse in the vicinity of a null-point (Fig. 4) . The x= 0. The external disturbance propagates across the magnetic field lines as a fast magnetoacoustic perturbation, pushing the magneto-plasma system towards X-point from the left side (Fig. 4) with an effective plasma inflows of ≈2.52 km s −1 . This subsequently triggers the forced magnetic reconnection. After the reconnection of the field lines at the X-point, the magneto-plasma system is subjected to the outflows in the perpendicular direction with a speed of ≈12.46 km s −1 . This results in a reconnection rate of ≈0.20, which lies in the observed range. This numerical simulation demonstrates that even if a sufficiently appropriate diffusion region is not created in the corona, an external driver can still trigger considerably rapid reconnection (cf., Supplementary movies 5 & 6) . In the present numerical simulation, we have the value of resistivity, . The top and bottom rows display respectively inflow and outflow velocity contours around X-point as overplotted on the reconnection region. The total duration of the reconnection process is <10 min in the simulation, which match with the duration of physical processes (inflows, reconnection heating as well as outflows) as established initially in the reconnection region between 13:55 UT and 14:05 UT (cf., Fig. 3 which is sufficient to start physical reconnection, and the numerical effects are almost negligible. The other apsect is that we observe the reconnection very shortly after the start of our simulation confirming that the tiny numerical resistivity does not affect the physical forced reconnection. The reconnection occurs in the present system, where the ratio between the length and width of the current sheet is high.
To show the physical significance of the observed and modelled forced reconnection in the corona, we performed a parametric study in the numerical simulation on the same spatio-temporal scales as we see in observations. We decrease the resistivity at the X-point and increase the strength of the external disturbance (cf., Fig. S2 .1 in Online-Appendix-II). This indicates that we control more the magnetic reconnection in the localized corona by an external disturbance. Reconnection occurs by producing a pair of plasma inflow and outflow, as well as the formation of a thin current sheet in each case. The estimated reconnection rate increases even after the decrement of the resistivity at the X-point as the external velocity pulse forcing the reconnection increases gradually (cf., Figs. S2.2 & S2.3 in Online-Appendix-II). Therefore, the forced reconnection is established here as a significant mechanism for the rapid release of the magnetic energy in the corona even when natural diffusion does not play an important role.
The evolution of the hot plasma is visible in the form of outflowing plasma streaks (Fig. 1 ′ c ′ ) , as well as high temperature emissions (AIA 131 Å , Log T e =7.0) at the reconnection site (Fig. 3 ′ 'c ′ ) . However, the bulk energy release in the present case is not as prominent as seen in typical flare sites 20 . This region is a quiescent loop system in the corona where there is no flare related energy stored in magnetic fields. In spite of this, we observe evidence of the evolution of heating in the localized corona due to the forced reconnection.
Although the issue related to the magnetic reconnection (e.g., rate, magnitude of diffusivity and resistivity, plasma and magnetic field structuring, amount of stored and released energy) are still highly debated, there is evidence for the unambiguous presence of this physical process which makes it as one of the key mechanisms for coronal heating and plasma eruptions 21−24 . The directly and firstly observed forced reconnection in the present paper does not require the establishment of large magnetic diffusivity (see the Online-Appendix-II) in the localized corona as required for the normal reconnection. The specific morphological (a typical length-scale of reconnection) as well as typical magnetic fields also do not influence it significantly. This forced magnetic reconnection does not build a large energy component, however, its stored amount in coronal fields can be liberated over appropriate time-scales typical for the localized heating and transient processes 11, 25 . The highly dynamic and complex solar corona can be inevitably subjected to such forced reconnection at diverse spatio-temporal scales when external disturbances act on the partially or fully established reconnection regions, thus making it a significant physical mechanism for a variety of dynamical plasma processes in the solar corona 27 . These first observational clues to the forced reconnection can also be extended to the laboratory plasma, where it can be employed to generate the "green energy" and to constrain the behaviour of highly diffusive plasmas 20 .
